OPTICAL TRANSMISSION SYSTEM 



BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to optical 
transmission systems, and more particularly, to an optical 
transmission system that performs optical transmission 
control . 

2. Description of the Related Art 

The demand of international telecommunications is 
rapidly expanded by globalization of business, the spread 
of the Internet and so on. In that situation, an optical 
submarine trautismission system is important together with 
satellite communications, and early realization of an 
economical, large-capacity optical sulimiarine transmission 
system is strongly desired. 

In the optical submarine transmission system, 
optical fiber cables are laid to the sea floor, smd are 
connected through repeaters so as to obtain an extremely 
long transmission distance with optical amplifying. 
Further, the optical submarine transmission system is 
demanded to have the severest reliability because a fault 
that occurs underwater needs a huge amount of cost and 
time to repair the fault. Therefore, it is required to 
provide the system with a fault detecting function of 
locating a fault definitely. 

In the fault detection control, an end station on 



the land sends repeaters an optical instruction for 
monitoring the operating condition thereof. Each repeater 
receives the instruction and monitors its own operating 
condition, then sending back a response to the end station. 
In this manner, the end station and the repeaters 
communicate with each other to monitor the condition of 
optical submarine transmission. 

The conventional repeaters employ an erbium-doped 
optical fiber amplifier (abbreviated as EDFA) for optical 
amplification. The response signal sent by the EDFA 
repeater includes response information that is modulated 
onto a main signal that is the output of a pvimping laser 
diode for exciting the EDFA. 

Even if a fault such as breakdown occurs in the 
optical fiber cable to cause the optical main signal to be 
lost, the EDFA repeater continues to perform the monitor 
control because the response signal can be sent by- 
modulating an amplified spontaneous emission (ASE) emitted 
by the EDFA itself, which is an amplifying medium. 

Recent optical communication systems eniploy an 
optical fiber amplifier (Raman amplification) , which 
utilizes a non-linear optical phenomenon that occurs 
within the optical fiber, called Raman amplification. This 
utilizes a physical effect such that light having a 
different wavelength from that of an incident light is 
scattered because of a vibration effect within a substance. 
Amplification is implemented by applying a strong pump 



light so as to travel down the whole optical fiber 
transmission mediiim. The Raman amplification does not 
limit the amplifiable range. 

Application of the Raman amplification to the 
repeater enables a longer optical fdlber to be laid and 
increases the intervals at which repeaters are arranged. 

The response signal that represents the operating 
condition of the Raman amplification repeater can be sent 
therefrom in the same manner as that for the EDFA repeater. 
That is, response information is modulated onto the output 
of the pump laser diode that excites the optical fiber so 
that the main signal is modulated. 

However, the Raman amplification repeater that 
does not have EDFA has a problem described below. If a 
fiber cable fault occurs at a position close to the 
repeater, the amplifying medium is no longer available. 
This results in lost of ASE and means for sending the 
response signal to the end station by modulation of ASE. 
As a result, the monitor control is lost after the fiber 
fault occurs. 

SUMMARY OF THE INVENTION 
Taking the above into consideration, an object of 
the present invention is to provide an optical 
transmission system with Raman amplification capable of 
performing high-quality monitor control even if an optical 
fiber fault occurs. 



To achieve the above object, according to the 
present invention, there is provided an optical 
transmission system comprising: an end station including a 
monitor instruction sending unit for sending a monitor 
instruction for monitoring an operating condition, and an 
operating condition recognizing unit for receiving a 
response signal and recognizing the operating condition; 
and a repeater. The repeater includes: a filtering unit 
filtering the monitor instruction and the response signal; 
a monitor control unit monitoring an operating condition 
of the repeater in response to the monitor instruction and 
generating response information that is a result of 
monitoring; a pump unit applying a pump light to an 
optical fiber transmission medium and enabling an optical 
amplification using the optical fiber transmission medixim 
as an amplifying medium; a regeneration control unit 
performing a regeneration control of the response signal 
sent by another repeater to thereby generate a regenerated 
signal; a modulation control unit modulating the pump 
light by the response information or the regenerated 
signal to thereby generate the response signal; and a 
photocoupler unit that is connected to the optical fiber 
transmission medium and sends the response signal in a 
direction identical to or reverse to that in which an 
optical main signal travels . 

The above and other objects, features and 
advantages of the present invention will become apparent 



from the following descrip-bxon when taken in conjunction 
with the accoinpanYing drawings which illustrate preferred 
embodiments of the present invention by way of example. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of the principles of an 
optical transmission system of the present invention; 

FIG. 2 is a block diagram explaining problems ; 

FIG. 3 is a block diagram of a repeater according 
to a first embodiment of the present invention ; 

FIG, 4 is a diagram showing an operation of the 
repeater shown in FIG. 3 and a flow of signals therein; 

FIG. 5 is a block diagram of a repeater according 
to a second embodiment of the present invention; and 

FIG. 6 is a diagram showing an operation of the 
repeater shown in FIG. 5 and a flow of signals therein. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Now, a description will be given of embodiments of 
the present invention with reference to the accompanying 
drawings . 

FIG. 1 is a diagram of the principles of an 
optical transmission system of the present invention. An 
optical transmission system 1 includes a cable-end station 
10 and a repeater 20, which are connected through an 
optical fiber transmission medium including an up line LI 
and a down line L2 . The system shown in FIG. 1 enables an 



optical long-distance transmission and has the function of 
monitoring the operating condition of the repeater 20 . 

Although not illustrated in FIG. 1, the practical 
system may include another end station connected to the 
5 other end of the optical fiber and multiple repeaters. 
When the system is applied to optical submarine 
transmission, the optical transmission media and the 
multiple repeaters 20 may be installed underwater and the 
end stations 10 may be installed in land stations. 
10 A monitor instruction sending unit 11 of the end 

station 10 sends a monitor instruction to the repeater 20 
through the up line LI. The monitor instruction is an 
optical signal for monitoring the operating condition of 
the repeater 20. 

15 An operating condition recognizing unit 12 

receives a response signal that travels from the repeater 
20, and recognizes the operating condition of the repeater 
20 to be monitored. In FIG. 1, the response signal travels 
in the up line LI in the direction reverse to the 

20 direction in which the monitor instruction travels. 

The repeater 20 has an internal structure that can 
be controlled in two ways by the end stations respectively 
coupled to the opposing ends of the transmission media. A 
filtering unit 21 of the repeater 20 filters the monitor 

25 instruction and the response signal. When the optical main 
signal (monitor instruction) has a wavelength band of 1 . 55 
pm and the pump light (response signal) has a wavelength 



band of 1.45 van, the filtering unit 21 allows the signals 
of these bands to be output to a monitor control unit 22 
and a regeneration control unit 23, respectively. 

The monitor control unit 22 converts the monitor 
instruction passing through the filter unit 21 into an 
electric signal. In response to the monitor instruction, 
the monitor control unit 22 monitors the operating 
condition of the repeater 20, and generates response 
information that represents the results of monitoring. 

Examples of the operating condition monitored by 
the repeater 20 are the input/output level of the optical 
main signal and the driving current applied to the pumping 
laser diode. 

The regeneration control unit 23 regenerates the 
response signal sent by the repeater of the rear stage. 
More particularly, the regeneration control unit 23 
converts the response signal that is sent by the not- shown 
repeater and travels in the up line LI into an electric 
signal, which is waveform- shaped. 

The regeneration control unit 23 ceases the 
regeneration control and stops sending the regenerated 
signal when a modulation control unit 24 modulates the 
pump light by response information. That is, when the 
regeneration control unit 23 receives the monitor 
instruction addressed to its own repeater, the 
regeneration control unit 23 ceases the regeneration 
control . 



This preven'ts the modulation control at the time 
of generating the response signal responsive to the 
monitor instruction and the modulation control due to the 
repeated response signal from being mixed. Thus, it is 
possible to prevent occurrence of an unwanted situation in 
which the response signal repeatedly travels in a loop 
including the up line LI and the down line L2 and the 
system is brought into an oscillating condition. 

A pump unit 25 applies a pump light to the optical 
fiber transmission medium for Raman amplification using 
the optical fiber transmission medium as an amplifying 
medium . The modulation control unit 24 modulates the pump 
light by response information to thus generate the 
response signal, or modulates the pump light by the 
regenerated signal to thus generate the response signal 
again. In the latter case, the response signal is repeated. 

A photocoupler unit 26 is connected to the optical 
fiber transmission medium, and sends the response signal 
toward the upstream repeater 20 in the direction identical 
to or reverse to the direction in which the optical main 
signal is transferred. The detailed structure and 

operation of the present invention will be described later. 

Problems to be solved by the present invention are 
now described. FIG. 2 is a block diagram explaining the 
problems. An end station or landing station 100 located on 
the left side of the drawing sends a monitor instruction 
to a repeater 200 via an up line. The repeater 200, which 



has a conven-tlonal s-tructure, monl-tors Its ovm opera-ting 
condition In response to the monitor Instruction. The 
response Information Is superimposed onto the optical main 
signal that travels In the down line, and a response 
signal thus generated Is sent back to the end station 100 . 

It Is assumed that a fault occurs at position P on 
the down optical fiber cable connected to the repeater 200, 
the position P being very close to the repeater 200. In 
this case, the repeater 200 does not receive down main 
signals at all. 

However, if the repeater 200 employs ED FA as an 
amplifying medium, the repeater 200 will automatically 
controls its output at a constant level. Thus, the gain of 
the EDFA in the repeater Is spontaneously Increased if no 
main signal is received. In this case, ASE inherent in the 
amplifying medium takes place, so that modulation is now 
available . 

Therefore the EIDFA repeater can send back the 
response signal to the end station 100 for monitor control 
even if a fault occurs in the optical fiber cable. 

A case is now considered where the repeater 200 
employs the Raman amplification system. The optical fiber 
cables outside of the repeater 200 act as amplifying media, 
which can amplify the signal lights by applying the pump 
light from the pump source to the cables . Thus , in normal 
operation, the response signal can be sent back to the end 
station 100 by modulating the pump power. 



However, if a fiber fault occurs at position P 
very close to the repeater 200, the amplifying medium 
itself is no longer available. In this situation, ASE does 
not occur. Neither ASE nor the laain signal are lost, so 
that no carrier for transmission of response information 
is available. This disables the monitor control. In a 
particular situation, ASE occurs and the monitor control 
is available. For example, if the cable fault occurs at a 
remote position that is tens of kilometers distant from 
the repeater 200, the optical fiber of that length will 
act as a Raman amplifier. 

The present invention enables the response signal 
to be surely sent back to the end station 100 even if a 
fiber fault occurs at a position close to the Raman 
amplification repeater 200 and ASE is not available, so 
that the reliability and quality of the monitor control 
and repeater control can be improved. 

Next, a description will be given of a structure 
of the repeater 20 according to a first embodiment of the 
present invention in which the response signal travels in 
the direction reverse to that in which the optical main 
signal travels on the same transmission line. FIG. 3 is a 
block diagram of a repeater 20-1 according to the first 
embodiment of the present invention. 

Referring to FIG. 3, the repeater 20-1 includes 
laser diodes LDl and LD2, a supervisory circuit SV, and a 
photocoupler C3 . Each of the laser diodes LDl and IiD2 



- 10 - 



emits a pump light of 1.45 pim. The supervisory circuit SV 
includes the monitor control function and the regeneration 
control function. The photocoupler C3 has a branching 
ratio of 1:1. 

The repeater 20-1 includes, in the up line Ll, a 
WDM (Wavelength Division Multiplexing) coupler Cwl, an 
isolator I SOI, a photocoupler CI with a branching ratio of 
1:20, and photodiodes 2m-l and 2r-l . The repeater 20-1 
includes, in the down line L2, a WDM coupler Cw2 , an 
isolator IS02, a photocoupler C2 with a branching ratio of 
1:20, and photodiodes 2m-2 and 2r-2 . 

The photocoupler C3 splits the piimp lights from 
the laser diodes LDl and LD2 into the up line Ll euid the 
down line L2 with the branching ratio 1:1. The branching 
ratio 20:1 of the photocoupler s CI cuid C2 means that the 
signal that is input to the repeater 20-1 has an amount of 
1 assuming that the signal traveling in the optical fiber 
cable has an amount of 20 . 

The WDM couplers Cwl and Cw2 allow the light 
signal of 1.55 \xm to pass from port pi to port p2 , and 
allows the pump light of 1.45 \m. to pass from port p3 to 
port pi , 

The photodiodes 2m-l and 2m-2 include a band-pass 
filter (BPF) that allows only light in the 1.55 pm band to 
pass for receiving the monitor instruction. The 
photodiodes 2r-l and 2r-2 include a band-pass filter that 
allows only light in the 1.45 pun band to pass for 
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receiving the response signal. 

The operation of the first embodiment of the 
present invention and the flow of signals are described 
below with reference to FIG. 4, which illustrates the 
operation and signal flow. FIG. 4 assumes that the end 
station 10 that is located on the left side of the drawing 
and is not illustrated for the sake of siinplicity sends 
the monitor instruction in order to monitor the operating 
condition of a repeater 20b-l. 

Step [SI] 

The end station 10 sends the monitor instruction 
addressed to a repeater 20b-l to the up line LI. The light 
signal (monitor instruction) of the wavelength 1.55 pm 
that travels in the up line Ll is split by a photocoupler 
Clb and is applied to the repeater 20b-l. 

Step [S2] 

A photodiode 2mb-l receives the monitor 
instruction of 1.55 pm, and outputs a corresponding 
electric signal to the supervisory circuit (SV) 2b. 

Step [S3] 

The supervisory circuit 2b recognizes that the 
monitor instruction is addressed to its own repeater, and 
starts monitoring the operating condition thereof. Then, 
the supervisory circuit 2b creates response information. 
The supervisory circuit 2b ceases the regeneration control 
while processing the monitor instruction. 

Step [S4] 
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The supervisoiY circuit 2b amplitude-modulates the 
pump lights for Raman amplification by response 
information. This is done by modulating the driving 
currents of the laser diodes UDl and LD2 . 

Step [S5] 

The pump lights of the wavelength 1.45 yaa. emitted 
by the laser diodes LDl and. LD2 pass through the 
photocoupler C3b and the WDM coupler Cwlb, and is incident 
to the up line Lla. This results in Raman amplification in 
which the up line Lla acts as an amplifying medium, and 
the response signal including the response information 
modulated onto the light signal that travels in the up 
line Lla is propagated to the repeater 20a-l. 

Step [S6] 

The photodiode 2ra-l allows the response signal of 
1.45 pm from the repeater 20b-l to pass, cuad outputs its 
electric version to the supervisory circuit 2a. 

Step [S7] 

The supervisory circuit 2a shapes the waveform of 
the response signal to thus create the regenerated signal. 
Step [S8] 

The supeirvisory circuit 2a amplitude-modulates the 
pump lights for Raman amplification by the regenerated 
signal in such a manner that the circuit 2a modulates the 
driving currents that flow in the laser diodes LDl and LD2 

Step [S9] 

The pump lights of 1.45 foai respectively emitted by 



the laser diodes LDl and LD2 pass through the photocoupler 
C3a and the WDM coupler Cwla, and is incident to the up 
line LI so that Ramam amplification teikes place. The above 
sequence is repeated so that the response signal is 
repeated by each upstream repeater toward the end station 
10. 

The above description mainly relates to the 
control by the end station located on the left side of the 
drawing. Similar control can be performed by the other end 
station located on the right side of the drawing. 

Here, in the conventional art, the repeater that 
receives the monitor instruction from the up line Ll 
performs backward Raman amplification via the down line L2 
and sends the response signal to the end station. 
Therefore, if a fiber fault occurs in the down line L2 
very close to the repeater, this repeater cannot return 
the response signal. 

In contrast, according to the first embodiment of 
the present invention, the repeater that receives the 
monitor instruction from the up line Ll performs backward 
Raman amplification via the up line Ll. The response 
signal is repeated by each upstream repeater toward the 
end station 10 . This structure is iimnune to a fiber fault 
(indicated by "X" in FIG. 4) that occurs in the down line 
L2 immediately close to the repeater 20. Therefore, the 
repeater 20 can return the response signal irrespective of 
whether light from the down line L2 is available. This 



improves the reliability of monitor control. 

A description will now be given of a second 
embodiment of the present invention in which the response 
signal travels in the same direction (forward direction) 
as that in which the main signal travels on the same line. 
PIG. 5 is a block diagram of a structure of the repeater 
according to the second embodiment of the present 
invention . 

A repeater 20-2 includes photocouplers C4-1 and 
C4-2 with a branching ratio of 1:100 in addition to the 
repeater 20-1. The other structures of the repeater 20-2 
are the same as corresponding those of the repeater 20-1. 
The branching ratio 100:1 of the photocouplers C4-1 and 
C4-2 means that the signal that is input to the repeater 
20-2 has an amount of 1 assuming that the signal traveling 
in the optical fiber cadsle has an amount of 100. 

The operation of the second embodiment of the 
invention and the flow of signals are described below. FIG. 
6 is a diagram showing the operation and the signal flow. 
In FIG. 6, it is assumed that the end station 10 that is 
located on the left side of the drawing and is not 
illustrated for the sake of simplicity sends the monitor 
instruction in order to monitor the operating condition of 
a repeater 20b-2. 

Step [Sll] 

The end station 10 sends the monitor instruction 
addressed to a repeater 20b-2 to the up line Ll . The light 



signal (monitor instruction) of the wavelength 1.55 vm 
that travels in the up line Ll is split by the 
photoeoupler Clb and is applied to the repeater 20b-2. 
Step [S12] 

The photodiode 2inb-l receives the monitor 
instruction of 1.55 pm, and outputs a corresponding 
electric signal to the supervisory circuit (SV) 2b. 

Step [S13] 

The supervisory circuit 2b recognizes that the 
monitor instruction is addressed to its own repeater, and 
starts monitoring the operating condition thereof. Then, 
the supervisory circuit 2b creates response information 
that represents the result of monitoring the 
presence/edssence of the signal light by the photodiode 
2rb-2 . The supervisoiry circuit 2b ceases the regeneration 
control while processing the monitor instruction. 

Step [SI 4] 

The supervisory circuit 2b amplitude -modulates the 
pump lights for Raman amplification by response 
information. This is done by modulating the driving 
currents of the laser diodes LDl and LD2 . 

Step [S15] 

The pump lights of the wavelength 1.45 pm emitted 
by the laser diodes LDl and LD2 take a route indicated by 
a dotted line in the order of a WDM coupler Cw2b, 
photoeoupler C4b-2, VIDM coupler Cw2b, isolator IS02, and 
photoeoupler C2b, and is then incident to the down line Ii2 



Thus, the pumping lights travel down the down line L2 
together with the main signal in the same direction. At 
that time, response information is modulated onto the 
exciting light d passing through the WDM coupler Cw2b and 
the photocoupler C4a-2, so that the response signal is 
created and propagated to the repeater 20b-2. 

A sufficient excitation power is emitted in the 
direction reverse to that of the signal light. However, 
there is a need to forwardly (leftwards in the drawing) 
transfer an appropriate amount of pump light d that may 
not cause forward Raman amplification and may be received 
by the repeater 20a-2 . This detesrmines the branching ratio 
100 : 1 of the photocoupler C4b-2 . 

Step [SI 6] 

The photodiode 2ra-2 allows the response signal of 
1.45 yaa from the repeater 20b-2 to pass, and outputs its 
electric version to the supervisory circuit 2a. 

Step [S17] 

The supervisory circuit 2a shapes the waveform of 
the response signal to thus create the regenerated signal. 
Step [S18] 

The supervisoory circuit 2a amplitude-modulates the 
pump lights for Raman amplification by the regenerated 
signal in such a manner that the circuit 2a modulates the 
driving currents that flow in the laser diodes LDl and LD2 . 

Step [S19] 

The pump lights of 1 . 45 pm respectively emitted by 



the laser diodes LDl and LD2 pass through the photocoupler 
C3a and the WDM coupler Cw2a, and is incident to the down 
line L2 so that backward Raman amplification takes place 
with respect to the signal light. The pump light d sends 
the response signal in the order of the WDM coupler Cw2a, 
photocoupler C4a-2, WDM coupler Cs2a, isolator IS02 and. 
the photocoupler C2a. The above sequence is repeated so 
that the response signal is repeated by each upstream 
repeater toward the end station 10. 

As described above, according to the second 
embodiment of the present invention, in the repeater 20 
that receives the monitor instruction from the up line Ll, 
the puinp light incident to the down line L2 is propagated 
by the WDM couplers Cw and the photocouplers C4 in the 
direction reverse to the pumping direction of the backward 
Raman amplification. The result of monitoring that is 
superimposed onto the pump light by the Raman 
amplification is generated and repeated via each repeater 
toward the end station 10. 

The above structure is immune to a fiber fault 
(indicated by "X" in FIG. 6) that occurs in the down line 
L2 immediately close to the repeater 20. Therefore, the 
repeater 20 can return the response signal irrespective of 
whether light from the down line Ii2 is available. This 
improves the reliability of monitor control. 

As described above, according to the optical 
transmission system of the present invention, in the 
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repeater with optical amplification using the optical 
fiber transmission medium as an amplifying medium^ 
response information that is the result of monitoring its 
own operating condition is created responsive to the 
monitor instruction sent by the end station. Further, the 
regenerated signal is created by regeneration control of 
the response signal. The pump light is modulated by the 
response information or the regenerated signal to create 
the response signal, which is repeated. Thus, the monitor 
control is available without superimposing the result of 
monitoring onto the optical main signal even if a fiber 
fault occurs at a position -vexy close to the repeater. 
This improves the reliability and quality of the optical 
communication control . 

The foregoing is considered as illustrative only 
of the principles of the present invention. Further, since 
numerous modifications and changes will readily occur to 
those skilled in the art, it is not desired to limit the 
invention to the exact construction emd applications shown 
and described, and accordingly, all suitable modifications 
and equivalents may be regarded as falling within the 
scope of the invention in the appended claims and their 
equivalents . 



